The problems of heat conduction in hybrid thin and thick film circuits have been investigated using both analytical and numerical approaches.
INTRODUCTION
To investigate analytically heat conduction problems in hybrid circuits, models were restricted to two dimensions assuming that the thickness of the substrates was negligible for the usual applications in relation to the dimensions of the plane of the substrate; also because the material mployed (alumina ceramic) had a relatively high thermal conductivity. We also assumed that coefficients of convection were identical for front and back surfaces of the substrates and that radiation effects linearized for the temperature intervals used were included in the convection coefficient itself. Finally, we assumed that the temperature of the powered resistive films was uniform over the whole area at the hottest f'tim temperature. 
The power dissipated from the resistive film is: were produced at 1" x 1", l"x 2", 2" x 2". 3 The film temperature was measured at the hottest resistive film point by an infrared pyrometer in identical conditions to those imposed for the circular substrates.
The Pw/Ty" data plotted against D, on a log log scale, is shown in Figure 4 . Also for rectangular substrates the values of Pw/T 1, are independent of the power across the resistive films at the theoretical limits (-+5% Figure 4 ) and in Eq. (21) 
Experiments with Leads
To evaluate lead effects, 6 standard GTE leads were soldered onto the periphery of the circular substrates of area 660.52 mm The substrates were soldered to a copper heat sink as in Figure 6 to simulate a real situation. The copper heat sink was used to ensure that the ends of the leads were effectively at the ambient temperature so that Eq. (12) 
MEASUREMENTS WITH HYBRID CIRCUITS
The validity of the theory and of Eq. (12) was verified for numerous hybrid circuits from GTE production in both thin and thick film. Two circuits were chosen in particular for detailed examination since they show interesting properties. The first is the thick film circuit in Figure 7 . This circuit, used (24) and superimposition of effects can be adopted for distributed resistors, However, the particular circuit had most of the resistors near the periphery of the substrate so that the high temperature on the leads is very close to the film temperature and the power dissipated by the leads is: PL T.fNL/RL, 6 it is also possible to compute the resulting hot spots since the temperature of the untrimmed resistor is known. The precision of the method is +-5%. The availability of such information on the temperature of resistors means that the stability, life and reliability of hybrid circuits can be predicted from the appropriate data extrapolated from life tests on both thin and thick film technologies.
